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IMPORTANCE In clinical practice, patients with primary metastatic renal cell carcinoma
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(mRCC) have been offered cytoreductive nephrectomy (CN) followed by targeted therapy,
but the optimal sequence of surgery and systemic therapy is unknown.
OBJECTIVE To examine whether a period of sunitinib therapy before CN improves outcome
compared with immediate CN followed by sunitinib.
DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial began as a phase 3 trial on
July 14, 2010, and continued until March 24, 2016, with a median follow-up of 3.3 years and a
clinical cutoff date for this report of May 5, 2017. Patients with mRCC of clear cell subtype,
resectable primary tumor, and 3 or fewer surgical risk factors were studied.
INTERVENTIONS Immediate CN followed by sunitinib therapy vs treatment with 3 cycles of

sunitinib followed by CN in the absence of progression followed by sunitinib therapy.
MAIN OUTCOMES AND MEASURES Progression-free survival was the primary end point, which
needed a sample size of 458 patients. Because of poor accrual, the independent data
monitoring committee endorsed reporting the intention-to-treat 28-week progression-free
rate (PFR) instead. Overall survival (OS), adverse events, and postoperative progression were
secondary end points.
RESULTS The study closed after 5.7 years with 99 patients (80 men and 19 women; mean
[SD] age, 60 [8.5] years). The 28-week PFR was 42% in the immediate CN arm (n = 50) and
43% in the deferred CN arm (n = 49) (P = .61). The intention-to-treat OS hazard ratio of
deferred vs immediate CN was 0.57 (95% CI, 0.34-0.95; P = .03), with a median OS of 32.4
months (95% CI, 14.5-65.3 months) in the deferred CN arm and 15.0 months (95% CI,
9.3-29.5 months) in the immediate CN arm. In the deferred CN arm, 48 of 49 patients (98%;
95% CI, 89%-100%) received sunitinib vs 40 of 50 (80%; 95% CI, 67%-89%) in the
immediate arm. Systemic progression before planned CN in the deferred CN arm resulted in a
per-protocol recommendation against nephrectomy in 14 patients (29%; 95% CI, 18%-43%).
CONCLUSIONS AND RELEVANCE Deferred CN did not improve the 28-week PFR. With the
deferred approach, more patients received sunitinib and OS results were higher.
Pretreatment with sunitinib may identify patients with inherent resistance to systemic
therapy before planned CN. This evidence complements recent data from randomized clinical
trials to inform treatment decisions in patients with primary clear cell mRCC requiring
sunitinib.
TRIAL REGISTRATION ClinicalTrials.gov identifier: NCT01099423
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I

n the cytokine era, 2 randomized clinical trials1,2 have
shown a modest but statistically significant survival benefit of cytoreductive nephrectomy (CN) followed by interferon alfa vs interferon alfa alone in patients with primary metastatic renal cancer (mRCC). A combined analysis3 of both
studies demonstrated a significant median overall survival (OS)
improvement of 5.8 months with CN and interferon compared with interferon alone. Since 2006, more effective vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitors (TKIs) have been the standard of care for the
treatment of mRCC.4 Guidelines recommend CN in patients
with good performance, absence of poor risk features, and solitary or oligometastatic disease,5-7 but the role of CN for patients who require medical treatment in the targeted therapy
era is unknown. Although multiple retrospective studies have
reported a survival benefit with CN in combination with
VEGFR-TKIs,7 results were biased, and surgery-related morbidity may prevent delivering postoperative systemic
therapy.8,9 The Clinical Trial to Assess the Importance of Nephrectomy (CARMENA), a trial designed to answer the question of whether CN is still required in the era of targeted therapy
in patients with primary mRCC, aimed to demonstrate noninferior survival with sunitinib alone compared with CN followed by sunitinib.10 Parallel to CARMENA, the European Organisation for Research and Treatment of Cancer (EORTC)
GenitoUrinary Cancer Group, the National Cancer Research Institute Renal Clinical Studies Group/Wales Cancer Trial Unit
(United Kingdom), and the Canadian Uro-Oncology Group
jointly conducted the Immediate Surgery or Surgery After Sunitinib Malate in Treating Patients With Metastatic Kidney Cancer (SURTIME) trial, a randomized clinical trial of immediate
vs deferred CN in patients with synchronous mRCC treated with
sunitinib. The objective of SURTIME was to investigate whether
pretreatment before planned surgery improves outcome by
identifying patients with inherent resistance to VEGFR-TKIs
who are unlikely to benefit from CN. Prior single-arm phase 2
studies11,12 of deferred CN after presurgical sunitinib demonstrated that the approach is safe and avoids CN in individuals
with early resistance to VEGFR-TKIs while exposing patients
with aggressive disease to immediate systemic therapy. In addition, a deferred approach may reduce cancer-related morbidity, primary tumor size, and neovascularization, which in
turn may decrease surgical risk and morbidity.13,14

Methods
Eligibility Criteria
Eligible patients were 18 years or older and had histologically
confirmed, previously untreated clear cell mRCC with a resectable asymptomatic primary tumor in situ and required
therapy with sunitinib. Additional requirements included a
World Health Organization (WHO) performance status of 0 or
1; measurable disease according to Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1; no clinical signs of
central nervous system involvement; a life expectancy greater
than 3 months; adequate bone marrow, liver, cardiac, and renal function; and 3 or fewer surgical risk factors, including sejamaoncology.com
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Key Points
Question Does a period of sunitinib therapy before cytoreductive
nephrectomy improve outcomes in patients with renal cancer
compared with immediate cytoreductive nephrectomy followed
by sunitinib therapy?
Findings In this randomized clinical trial of 99 patients, the
progression-free rate at 28 weeks did not improve when patients
began sunitinib therapy before planned cytoreductive
nephrectomy; however, more patients received systemic therapy,
and cytoreductive nephrectomy could be avoided in those with
progressive disease.
Meaning Pretreatment with sunitinib may identify patients with
inherent resistance to systemic therapy before planned
cytoreductive nephrectomy without inferior outcome.

rum albumin Common Terminology Criteria for Adverse Events,
version 4.0 grade 2 or higher, serum lactate dehydrogenase
greater than 1.5 times the upper limit of normal, liver metastases, symptoms caused by metastases, retroperitoneal or supradiaphragmatic lymph node involvement, and stage cT3 to
T4 disease. 15 Prior radiotherapy for bone lesions was allowed. Memorial Sloan Kettering Cancer Center (MSKCC) risk
was assessed but not used for eligibility.5 All patients signed
written informed consent forms, and all data were deidentified. The study was approved by the institutional review board
at each center (The Netherlands Cancer Institute, Radboud University Hospital, Princess Margaret Hospital, Cardiff Hospital, Institut Jules Bordet, Academic Medical Center, Queen
Elizabeth II Health Sciences Center, Saint Antonius Hospital,
Maastricht University Medical Center, University of Montreal
Hospital Center, The Royal Free Hospital and Queen Mary University, University of Groningen, Gent University Hospital, and
Cliniques Universitaires Saint-Luc) and complied with the Declaration of Helsinki,16 Good Clinical Practice guidelines, and
local laws and regulations. The trial protocol can be found in
Supplement 1.

Study Design and Treatment
This open-label, multicenter randomized clinical trial was initially designed as phase 3. From July 14, 2010, to March 24,
2016, patients were included in the trial and were centrally randomized 1:1 at the EORTC between immediate CN followed by
sunitinib therapy vs treatment with 3 cycles of sunitinib followed by CN and sunitinib by minimization (variance
method),17 with the following factors noted: institution, performance status (0 vs 1), and number of metastatic sites (1 vs
≥2). There was no masking in the study. Baseline computed
tomography (CT) of the chest and abdomen was required
within 4 weeks before randomization. Sunitinib was administered at 50 mg/d for 4 weeks followed by 2 weeks of rest. Dose
reductions and modifications were allowed according to standard practice.8
In the deferred CN arm, sunitinib therapy was stopped the
day before nephrectomy. In both arms, radiologic assessment was performed with CT (chest and abdomen) 16 weeks
after the start of treatment, which was before planned CN in
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Figure 1. Trial Design
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the deferred arm. In case of systemic progressive disease (PD)
in the deferred arm, nephrectomy was not recommended but
left at the discretion of each investigator. In both arms, sunitinib was administered 4 weeks after surgery and given until
progression of disease or toxic effects. To study risk of disease progression after sunitinib therapy interruption, a postsurgery CT (chest and abdomen) was performed at the end of
the 4-week rest period in both arms; the scan was compared
with the CT scan at week 16 in the deferred CN arm and the
baseline CT scan in the immediate CN arm. This CT scan was
not used to change treatment. From week 28, patients in both
arms were followed up with CT every 12 weeks until progression. The study design is shown in Figure 1.

Outcomes
The primary end point was progression (by RECIST, version
1.1) assessed by a local investigator without central review. Progression-free survival (PFS) is the interval from randomization to first progression (local or distant) or death from any
cause. To adjust for different timing of evaluations between
the arms, all cases of disease progression that occurred in the
interval from day 1 of treatment to the end of week 16 (±15 days)
and those that occurred during the interval from day 1 of week
16 (±15 days) to the end of week 28 (±15 days) were counted as
occurring at the end of the interval. Overall survival was
counted from randomization to death from any cause. Patients without an event were censored at the last follow-up.
Additional secondary end points included recording of all adverse events and surgical morbidity assessed by Common Terminology Criteria for Adverse Events, version 4.0; rate of RECIST, version 1.1 complete and partial response (PR) to sunitinib
and rate of unresectable tumors in the deferred arm; the effect of nephrectomy on early progression (defined as PD within
4 weeks of surgery) in both arms; and comparison of the surgical intervention (approach and extent) between arms. The
28-week progression-free rate (PFR) was calculated as the binomial proportion of cases of disease progression documented before or at week 28 (eTable 1 in Supplement 2).
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Statistical Analysis
The trial originally aimed to test for a hazard ratio (HR) of 0.75
on PFS with a 2-sided, 5%-level log-rank test with 80% power
(380 events, 458 patients). An independent data monitoring
committee oversaw the trial safety and progress.
After 3 years of recruitment, accrual indicated that the
study would not reach its planned objective. On the basis of
masked recruitment data and using results reported for the intermediate MSKCC risk group in the pivotal trial that suggested a 70% 28-week PFR among patients with nephrectomy,8
the study was downsized to 98 patients. The revised objective was to show a 20% increase of the 28-week PFR in the deferred CN arm with a 1-sided, 5%-level Fisher exact test and
80% power in the intention-to-treat (ITT) population (all randomized patients). The modification was endorsed by the study
independent data monitoring committee. The secondary end
points of PFS and OS were estimated by Kaplan-Meier analysis and compared in the ITT population using a Cox proportional hazards regression model stratified by WHO performance status.18 For all outcomes, 95% CIs are reported except
for the 28-week PFR, for which a 2-sided 90% CI is reported,
reflecting the 1-sided 5% significance level. Sensitivity analyses were conducted in the per-protocol population, excluding patients ineligible or not receiving the allocated treatment and, for the 28-week PFR end point only, patients not
assessed at week 28 (eTable 1 in Supplement 2).

Results
The study closed after 5.7 years. A total of 99 patients (80 men
and 19 women; mean [SD] age, 60 [8.5] years) were randomized by 19 institutions in the Netherlands, Belgium, the United
Kingdom, and Canada: 50 in the immediate CN arm and 49 in
the deferred CN arm (Figure 2). The clinical cutoff date for this
trial was May 5, 2017. The median follow-up was 3.3 years
(range, 0-6.2 years). Eighteen patients (18%) were clinically ineligible: 10 in the immediate CN arm and 8 in the deferred CN
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arm (Figure 2). A total of 87 patients (88%) presented with
MSKCC intermediate risk.5 Baseline characteristics (eTable 2
in Supplement 2) were balanced between the immediate and
deferred CN arms except for 3 surgical risk factors (12 [24%]
vs 7 [14%]), cT3 to T4 tumors (26 [52%] vs 18 [37%]), and 2 or
more metastatic sites (43 [86%] vs 46 [94%]).

Figure 2. CONSORT Flow Diagram
99 Patients enrolleda

99 Randomized

Treatment and Safety
In the deferred arm, 48 of 49 patients (98%; 95% CI, 89%-100%)
received presurgical sunitinib. One patient appeared to be ineligible for sunitinib and was not treated. Forty patients (83%) received 3 cycles of presurgical sunitinib; 8 patients did not complete the 3 cycles because of PD (n = 6) and/or sunitinib-related
toxic effects (n = 4). Relative dose intensity and dose modifications are detailed in eTable 3 in Supplement 2 Of the 48 patients,
11 (23%; 95% CI, 12%-37%) had a PR and 14 (29%; 95%, CI 18%43%) had PD before planned nephrectomy (eTable 3 in Supplement 2). The median reduction in primary tumor diameter during presurgical sunitinib compared with baseline was 13.8%
(range, 95.5% reduction to 20.0% increase), with a decrease in
34 patients (71%). Of the 48 patients in the deferred CN arm, 34
patients had CN per protocol and 14 had a recommendation
against CN because of progression at metastatic sites. Of those
patients, 6 underwent surgery off protocol despite disease progression while taking sunitinib (40 CN cases in the ITT population). No patients were unable to undergo surgery as a result of
primary tumor progression.
In the immediate CN arm, 46 of 50 patients (92%; 95% CI,
81%-97%) underwent nephrectomy, 2 had rapid PD, 1 refused
surgery, and 1 developed acute pneumonia that prevented surgery, with subsequent PD and death (Figure 2). Forty of 50 patients (80%; 95% CI, 67%-89%) received sunitinib.
Surgical complications occurred in 24 of 46 patients (52%;
95% CI, 37%-67%) in the immediate arm and in 18 of 34 patients
(53%; 95% CI, 35%-70%) in the deferred arm (eTable 4 in Supplement 2). One patient died during immediate CN of cardiac arrest
caused by a caval vein tumor thrombus. Two other patients died
3 and 6 days after CN of myocardial infarction and pulmonary
embolism (at autopsy) possibly related to surgery. At the 4-week
postsurgery restaging, 9 of 46 patients (20%; 95% CI, 9%-33%)
had confirmed PD in the immediate CN arm compared with 8 of
34 patients (24%; 95% CI, 11%-41%) in the deferred CN arm.
Postoperative sunitinib was given for the first time to 40
of the 46 patients in the immediate CN arm and continued in
26 of the 34 patients without PD before CN in the deferred arm.
In addition to the 2 deaths described above, the reasons to not
initiate sunitinib therapy after immediate CN were poor performance status attributable to rapid PD (n = 1), non–surgeryrelated morbidity (n = 1), decreased ejection fraction (n = 1),
and investigator decision (n = 1). In the deferred arm, the reasons were postoperative death (n = 1), toxic effects caused by
presurgical sunitinib (n = 3), surgical morbidity (n = 1), investigator decision (n = 2), and type 1 papillary renal cell carcinoma after CN (n = 1).
At the time of data analysis, postoperative sunitinib treatment was ongoing in 6 of 40 patients in the immediate CN arm
and 4 of 26 patients in the deferred CN arm. Most patients
stopped treatment because of PD (Figure 2).
jamaoncology.com
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50 Allocated to immediate
nephrectomyb
46 Underwent immediate
nephrectomy
4 Did not undergo allocated
treatment (2 rapid progression,
1 acute pneumonia and
rapid progression [death],
1 patient decision)
40 Received sunitinib
6 Did not receive sunitinib
(1 death during surgery,
1 death after surgery,
1 disease progression,
1 nonsurgical morbidity,
1 decreased ejection fraction,
1 investigator decision)

49 Allocated to deferred
nephrectomyc
48 Received sunitinib before
surgery
1 Did not start sunitinib
(not treated as ineligible)
34 Underwent deferred
nephrectomyd
8 Did not undergo nephrectomy
(disease progression)
26 Received sunitinib after
surgery
8 Did not receive sunitinib after
surgery (1 death after surgery,
1 surgical morbidity, 3 toxic
effects, 1 ineligible from
pathology report,
2 investigator decision)

34 Discontinued intervention
(25 disease progression, 4 toxic
effects, 1 disease progression and
toxic effects, 2 investigator
decision, 2 other)

22 Discontinued intervention
(18 disease progression, 1 toxic
effects, 3 other)

50 Included in intention-to-treat
analysis
46 Included in safety analysis
46 Evaluated for surgical
complication
35 Included in per-protocol
analysis

49 Included in intention-to-treat
analysis
48 Included in safety analysis
40 Evaluated for surgical
complication
38 Included in per-protocol
analysis

a

The numbers of individuals screened for eligibility and the reasons for
exclusion were not captured at all sites.

b

Included 10 ineligible patients: no measurable lesion (n = 5), abnormal cardiac
function (n = 3), symptomatic severe aortic valve stenosis (n = 1), and
pneumonia (n = 1).

c

Included 8 ineligible patients: no measurable lesion (n = 1), hypertension
(n = 4), abnormal laboratory values (n = 2), and lung cancer (n = 1).

d

Six patients underwent nephrectomy off protocol.

The rates of grade 3 or higher adverse events reported during the study were similar in the 2 arms: 52% in the immediate CN arm vs 58% in the deferred CN arm (eTable 5 in Supplement 2). The most common grade 1 or higher adverse events
in both arms were fatigue, oral mucositis, nausea, diarrhea, dysgeusia, and constipation.

PFR, PFS, and OS
In the ITT population, the 28-week PFR was 42% (90% CI, 30%55%) in the immediate CN arm and 43% (90% CI, 31%-56%) in
the deferred CN arm (1-sided Fisher test, P = .61) (eTable 6 in
Supplement 2). At the time of analysis, 35 of 50 patients in the
immediate CN arm and 28 of 49 patients in the deferred CN
arm died. The leading cause of death was PD in 30 patients
(86%) in the immediate CN arm and 25 (89%) in the deferred
CN arm. Forty-one patients in each arm had an event for the
end point PFS. The PFS HR for deferred vs immediate CN was
0.88 (95% CI, 0.56-1.37; P = .57) (Figure 3A). For OS, the HR
(Reprinted) JAMA Oncology February 2019 Volume 5, Number 2
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Figure 3. Long-term Outcomes in All Randomized Patients
in the Intention-to-Treat Population
A Progression-free survival
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was 0.57 (95% CI, 0.34-0.95; P = .03) (Figure 3B), with a median OS of 32.4 months (95% CI, 14.5-65.3 months) in the deferred CN arm and 15.0 months (95% CI, 9.3-29.5 months) in
168

the immediate CN arm. In the per-protocol population, OS was
greater in the deferred CN group (HR, 0.71; 95% CI, 0.401.24), but the difference was no longer statistically significant (P = .23) (eFigure in Supplement 2). The exploratory landmark analysis at week 16 of OS according to treatment arm and
progression status suggests that patients whose disease progressed in the deferred arm before planned surgery or within
16 weeks after immediate CN have similar poor survival prognosis (Figure 3C).

In this randomized clinical trial, deferred CN in patients with
primary clear cell mRCC did not improve the PFR at 28 weeks.
Consistent with this finding, there was no improvement in median PFS. However, although not statistically significant, OS
results were higher with the deferred CN approach. In addition, the surgical complication rate was similar in patients who
underwent CN after 3 months of pretreatment with sunitinib
compared with those who underwent immediate surgery. With
the exception of 1 patient ineligible for treatment with sunitinib, all ITT patients in the deferred arm received systemic
therapy compared with 40 of 46 patients (87%) who had an
immediate CN. This finding suggests that delaying systemic
therapy by performing CN first may be a risk for some patients. Recently, CARMENA, which investigated CN followed
by sunitinib vs sunitinib alone, demonstrated noninferiority
for systemic therapy alone in patients with MSKCC intermediate and poor risk and 2 or more metastatic sites.10
The results of SURTIME support data from CARMENA that
showed that immediate CN does not result in additional benefit and may even be detrimental in patients with primary clear
cell mRCC who require sunitinib. The findings in SURTIME suggest that a deferred approach to CN in which patients start treatment with sunitinib and are offered nephrectomy only if their
disease does not progress might be superior to performing CN
up front followed by sunitinib therapy. Although these results are only exploratory, deferred CN was not formally investigated in CARMENA, and it would be premature to reject
this approach based on noninferiority of sunitinib alone. Of
note, there is an element of deferred CN in the sunitinibalone arm of CARMENA. Thirty-eight patients (17%) underwent secondary CN for acute symptoms or near-complete response. The median time from randomization to CN was 11.1
months, suggesting that the secondary nephrectomy rate was
even higher (25%-30%) among patients who survived long
enough; thus, there may be a role for CN after sunitinib therapy
in selected patients. The median OS observed in SURTIME in
the deferred arm (32.4 months; 95% CI, 14.5-65.3 months) is
comparable to survival data of previous single-arm phase 2
studies of presurgical sunitinib (26.0 months; 95% CI,
13.6 months to not available) and pazopanib (22.7 months; 95%
CI, 14.3 months to not estimable).12,19 These data suggest that
performing deferred CN in patients with nonprogressing disease may confer a survival benefit instead of limiting CN to only
the few patients who need surgery after treatment with sunitinib alone.
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Of note, a recent study20 of clinically distinct metastatic
phenotypes in clear cell mRCC provided a scientific rationale
for CN in individuals in whom the evolutionary diversity of
their primary tumors accounted for increased metastatic capacity. In addition, patients in SURTIME were of predominantly MSKCC intermediate risk and selected along surgical risk
factors to identify the most suitable surgical candidates. By
comparison, CARMENA had broad inclusion criteria, which allowed enrollment of 43% MSKCC poor-risk patients who had
a short OS in the CN arm (median OS, 10.2 months; 95% CI, 9.014.0 months).10 This finding confirms the results from large
retrospective data sets that surgery is not beneficial in these
patients21 and affects the generalizability of the CARMENA results. Therefore, despite our results being exploratory, we believe that unless proven otherwise, deferred CN remains a valid
treatment option for MSKCC intermediate-risk patients.
In an era of personalized therapy, the results of SURTIME
also suggest a concept of patient selection based on early response to therapy. The exploratory landmark analysis
(Figure 3C) suggests that progression before planned CN can
be used to identify patients with inherent resistance to VEGFRtargeted therapy. In the deferred arm, 25% of the patients had
documented RECIST progression at metastatic sites before
planned surgery (eTable 3 in Supplement 2). This finding confirms data from the single-arm phase 2 studies of presurgical
VEGFR-TKI therapy in which PD in patients treated with sunitinib or pazopanib before planned CN was associated with short
survival.12,19 From a clinical perspective, identification of patients with inherent resistance is meaningful because they are
poor candidates for subsequent CN. Validated molecular markers or predictive risk models are not available, and progression during systemic therapy has been suggested as a marker
to identify patients unlikely to benefit from surgery.
Contrary to previous retrospective studies,22-26 SURTIME suggests that surgery after sunitinib is safe. The perioperative grade 3 or higher complication rate reported in SURTIME (eTable 4 in Supplement 2) is similar to the 22% to 26%
rates in nonrandomized studies of presurgical sunitinib or
pazopanib.12,19,27 Of note, postoperative wound healing com-
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was higher (although this finding was not statistically
significant). Pretreatment with sunitinib may identify
patients with inherent resistance to systemic therapy before
planned CN.
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